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Ocean channel is such a complex environment that it varies with time, frequency 
and space. Narrow available bandwidth, great transmission loss and severe multipath 
effect are the main barriers to the implementation of high speed reliable 
communication in an underwater acoustic (UWA) channel. Orthogonal Frequency 
Division Multiplexing (OFDM) is a technology of multicarrier modulation which has 
high utilization of the frequency spectrum and raises the transmission rate. It combats 
the inter-symbol interference (ISI) caused by multipath effect without complex 
channel equalization. However, OFDM is very sensitive to synchronization errors 
which may introduce much ICI and ISI that greatly degrade the performance of 
channel estimation and the BER performance of OFDM system. In order to realize 
real-time and accurate coherent demodulation, we must estimate the channel. This 
paper investigates combined synchronization and channel estimation technology for 
OFDM underwater communication system, and carries out simulation and experiment. 
The results show the feasibility of the scheme. 
The main contents are summarized as follows: 
1. Based on analysis on the characteristics of underwater acoustic channel and 
basic principle of OFDM system, the parameter selection and basic structure 
of OFDM system are produced.  
2. Channel estimation technology for OFDM underwater communication 
system is studied. This thesis emphasizes on induction and summarization 
on OFDM channel estimation algorithm which is based on frequency pilot. 
We not only discuss the advantages and disadvantages of traditional pilot 
distribution formats, but also improve the algorithm based on decision 
directed of block-type pilot and tracking of comb-type pilot. Finally, we 
introduce the channel estimation algorithm based on CAZAC sequence 
correlation. 
3. We analyze how synchronization error effects on channel estimation. The 
key research is on combined synchronization and channel estimation 
technology based on maximum likelihood criterion and detected-directed. 















and channel estimation performance under both AWGN channel and 
multipath fading channel. At last, we verify the performance of combined 
synchronization and channel estimation algorithm in practical system by 
pool and sea testing. The results show the feasibility of the scheme in 
underwater acoustic communication.  
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现准则可基于 小平方（Least Square，LS）、 小均方误差（Minimum Mean Square 
Error，MMSE）[9-10]、 大似然估计（Maximum Likehood Estimator，MLE）[11-12]
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                 10lgTL n r rα= +i                                 （2-1） 
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